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Development of the cystocarp of Champia parvula,

BRADLEY MOORE DAYVIS.

WITH PLATES VII AND VIIIL.

Champia parvula (J. Ag.) Harv. is representative of a type
of carposporic reproduction remarkable for the phenomenon
of cell fusion which takes place previous to the formation of
the glomerule of spores. This genus together with Chylocla-
dia and Lomentaria form a group agreeing with each other,
according to Hauptfleisch,! in the essential points of the de-
velopment of the cystocarp. The steps in this process, as
described by Hauptfleisch, are very interesting and, as the
subject is complex, the writer thinks that he cannot better in-
troduce the matter which treats of his own observations than
by giving first a brief summary of the results obtained by the
first investigator of the fruit development of these forms.

The following four paragraphs will then constitute a brief
sketch of Hauptfleisch’s conclusions:

(1) The procarpic branches (Carpogoniiste) are found near
the tips of the branches of the frond. Each procarpic branch
S attached to an ordinary thallus cell and the latter is united
:0 one of the internal filaments (Markfaden) that traverse
oNgitudinally the interior of the hollow fronds. The pro-
"arpic branches consist of three or four cells (three in the
;:)ase of Champia), the terminal one being the carpogonium and

“aring a delicate trichogyne which projects through the outer
Wall of the frond.
br§2) hAfto&r or at the time of the formation of the procarpic
dia)nc there Is developed an auxiliary cell (two in Chylocla-
beax:s ‘}‘x\n ordmary thallus cell, neighbor to.the cell which
and tht © procarpic branch, becomes richer In cell-contents
cell ; by lelC!es into an upper and a lower cell. The upper
s the auxiliary cell.
wigg) When the carpogonium is fertilized the trichogyne
*fS. The cells of the procarpic branch then gradually
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fuse together, beginning at the carpogonium end and there
results a large ‘‘fusion cell.”

In Chylocladia and Champia the fusion of the cells of the
procarpic branch extends so far that it finally includes the
cell which bears the procarpic branch. The very large “fi-
sion cell” then unites with the auxiliary cell which usually |
sends out a process for the purpose and this auxiliary cell be:
comes the ‘‘central cell” from which the glomerule of spores
is developed. Slight modifications of the process as stated
above are found in some species, but this is the phenomenot
as described for Champia parvula and the main principle of 2
union between a fusion cell and an auxiliary cell 1s true in all
cases. Hauptfleisch states that in Chylocladia kaliformis the
tusion cell contains one large nucleus resulting from the union
of all the nuclei in the cells of the procarpic branch. The
auxiliary cell also contains a single nucleus and when the ft
ston cell unites with it the two nuclei approach each other and
coalesce.

In Champia parvula the hook-shaped process from the fusio!
CF“’ that is put out towards the auxiliary cell, contains
single large nucleus.

(4) The wall of the cystocarp is formed in the same maf
ner in all the genera.

. Filaments spring from the cells neighboring those concernet
In the process of fertilization and spore formation, and DY

thelr.growth and branching the wall of the cystocarp 1s for mgd'
The interior of the young cystocarp is more or less filled w.lth
a loose network of filaments that are pushed against the ide
of the sporangium wall by the development of the Rlomenﬂc
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A number of antheridial plants were found during the sum-
mer, and in one instance the same plant bore both antheridial
and cystocarpic branches. The antheridia form patches on
the frond, indefinite in extent and variable in position, some-
times appearing as caps at the ends of the branches but more
often as bands around older portions of the frond (ig. 1). The
structure of the antheridium is somewhat similar to that of
the genus Lomentaria described by Mr. Webber.2 The very
small antherozoids are borne singly on the tips of short fila-
ments, which arise in branching clusters from the thallus cells.
Fig. 2 shows three of these clusters and there it may be
seen that each cluster consists of several short filaments, the
younger being branches from the older.

We must refer at the outset to an interesting point in the
structure of the older cells of the frond. The young cells at
the apex of a branch contain only one nucleus but cells some-
What removed from the growing point are multinucleate.
This character is very striking and is shown in most of the
gures (see figs. 2, 7, 0, 14, etc.).

The writer has observed similar conditions in the older cells
of several genera of Floridez, for example Callithamnion,
G"fﬁthSia, Spermothamnion, and Polysiphonia, and in some
Cases, as in the older cells of Griffithsia, the number of nuclei
becomes very large indeed. Apparently a multinucleate
tructure of the older cells of Floridez is likely to prove a
Very general fact.

Y Preparations have shown that the procarpic branch may
“onsist of two or three cells. It is a small structure (figs. 3
» @nd is always attached to one of the large thallus cells.

&5 arule the thallus cell (¢, in the figures) is joined to one 9f

- !nternal filaments, /, that traverse the frond, but this 1s
g:; alfWaYS thg case, and procarps and young cystocarps have

Tnh ound quite removed from it. 13

€ trichogyne is a very delicate structure arising from an
.. - Y small cell, the carpogonium, ¢. The whole struc-

I O Small that even under such high magnification as
R diameter S, it is very difficult to determine the structure

sz el contents. There is granular matter in the carpo-
Sul?sl?am (1g. 4) that stains rather deeply and may be nuclear
nce,

n one Case (fig. 3) a trichogyne was found with what ap-
e

On the antheridia of Lomentaria. Ann. of Bot. 5: 226. 1891
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peared to be an antherozoid at its tip, but the trichogyne was
so very delicate and the antherozoid so small that the relation
between the two structures could not be satisfactorily studied
Even if such stages as are shown in fig. 3 were common their
small size seems to the writer to preclude the possibility of
determining what takes place at the time the antherozoid i
applied to the trichogyne.

The single cell or each of the two cells of the procarpic
branch below the carpogonium contains a single well defined
nucleus. The thallus cell (fig. 3 and 4, #) to which the pro-
carpic branch is attached is larger and contains rather dense
cell-contents than the neighboring cells of the frond, but like
them is multinucleate. It is probably always united to neigh-
boring thallus cells by strands of protoplasm, although such
connections may not always appear in sections which are nec !
essarily cut in a single plane. The attachment to the inter |
nal filament is usually by a broad strand of protoplasm, and
not infrequently one of the bulb cells found along the interna
filaments occurs opposite this point (fig. 3, b). -

The trichogyne withers quickly and the upper portion di |
appears very rapidly. The swollen portion at the base (car- |
Pogonium) remains somewhat longer (figs. 5 and 6) but taks
the stain very faintly and finally disappears, and the lowef
Cells of the procarpic branch are left attached to the thall
cell.  The condition of the procarp is then either that shows
in hig. 7 or fig. 8; that is, it consists of one or two cells, each
probably containing as a rule only a single nucleus, attached
to a thallus cell which is multinucleate. At this time th
protoplasm of the thallus cell and of the cells of the p*
Carpic branch above has become very dense and stains hea"
ily, so that these stages appear very conspicuous in the s&
tions. The nuclei in the thallys cell multiply in number 2

Increase in size at this period when the cell is becoming go
with protoplasm.

pl.ace In the tissue around the cells of the procarp after!
trichogyne has disappeared. The contents of the thallus e

directly around that which bears the procarpic branch grad” I
ally assume a different character. The protoplasm bccom"'-

very ml}Ch c.ienser and the nuclei increase in number and g |
larger in diameter. These thallus cells are evidently wha i
Hauptfleisch has called the auxiliary cells. There are
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quently several of them but there may be only one. They
are exactly similar to the thallus cell, bearing the procarpic
branch, in the appearance of their cell contents, and we can
only identify the latter by its attachment to the procarpic
branch on the outside and as a rule to an internal filament
on the inside of the frond.

Coincident with the gradual change in the character of the
cell-contents which precedes the differentiation of the auxil-
lary cells, a number of short filaments begin to grow up over
the procarpic branch. The filaments arise from the thallus
cells around the procarpic branch, meeting at a point above
%, and form a sort of dome over that structure. This is the
!’egiﬂﬂing of the wall of the cystocarp. In the early stages it
5 perfectly evident that these filaments arise from ordinary
tbal}us cells which afterward become auxiliary cells. So the
auxiliary cells are not special structures developed separately
om the vegetative tissue, but they are cells of the vegeta-
live tissue directly around the procarp that become modified
as to their cell-contents in 2 manner quite similar to those of
the procarp,

An €Xamination of the figures will perhaps serve to make
the points considered in the last two paragraphs more plain.
0 severa] of the figures previously described (figs. 5, 6, 7,
ad 8) it will be noticed that the thallus cells on each side of
the Procarp have given rise to small cells above which bend
VEr towards the procarpic branch. These with other cells,
Which are developed late}, become the apical cells of a com-
plex. "yStem of branches that form the wall of the cystocarp.
thFlg' 9 is of a stage not very different from fig. 7. Here
‘€ wall of the Cystocarp has begun to develop, but the LOR=
°05 of the Procarpic cell, p, and the thallus cell which
S 2, are not materially changed except that they are
lil‘ger ?"d their nuclei much more prominent. On ghe. . ’g!‘t
2 d side of the figure is an auxiliary cell, a, very similar }""
regef"ance and structure to the thallus cell whlc.h. bearsJ €
inota}::: :fllthe pProcarpic branch. Above the auxg“l‘;iy cai)o &‘:'
to ch “! rather dense in contents which is probably

.4Nge into an auxiliary cell.
ori 8 10 illustrates a case in which the procarpic bra.nch wa;

.cgl::ally “Omposed of two cells besides the carpogonium anic

brancfxne' The thallus cell, #, which bears thc.prOCEtlan
'S 50 cut that only a portion appears in this section.
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Above it are the cells of the procarpic branch and on the left
are three auxiliary cells, two at the side and one somewhat
behind the others. The figure is especially interesting be
cause it is evident that the vegetative branch, 7, is directly
continued from the two auxiliary cells at the side.

Figs. 9 and 10 do not give a correct idea of the great in-
crease in size of the auxiliary cells and the cells of the pro-
carp at this stage of development, for the magnification i
much less than in figs. 6 and 7.

T'he writer has never observed any evidence that the cell
of the procarpic branch ever fuse with each other or with the
thallus cell which bears them. After the withering of the
trichogyne the cells increase in size and the strands of pro-
toplasm connecting them become much wider, but the celk
outlines remain quite distinct and the nuclei entirely separate.
There is no union of nuclei into one large fusion nucleus
The thallus cell bearing the procarpic branch continues in its
multinucleate condition. Each cell of the procarpic branch
contains one nucleus which may afterwards fragment ini
several.

The auxiliary cells always contain in the beginning a nuit
ber of nuclei and in the writer's preparations nothing W&
ever observed that would indicate a later union into o
fusion nucleus; they always remain multinucleate.

However, some very interesting cytoplasmic disturbant®
take place. The thallus cell bearing the procarpic branct
Se"ﬁi% out many protoplasmic processes that unite with the
auxiliary cells directly adjoining it, sometimes two or three
processes with the same cell. In a like manner the auxilia
cells unite with one another and with the vegetative &
around them. This Cytoplasmic activity occurs while the
cystocarp is developing, but the position and number of the
n.uclex In the cells are apparently not affected by the for®®
tion of this net-work of fused cells. Fig. 11 illustrates ®
Instance where the thallus cell, 7, is connected by two S'-'“m‘%s

3

(

: N
of protoplasm with the auxiliary cell, @, and a similar cond!”

tion is sh.own on the left hand side of fig. 13. In ﬁg: I3 th‘

of cells in the loose tissye around the young cystocarp:

hat the cytoplasmic fusion processes
smaller than the nuclei in the cells directly concerned wit

the development of the cystocarp.
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The development of the favellze of spores now remains to be
considered. 'We must start with stages such as are shown in
figs. 9 and 10. It will be remembered that at this stage the
trichogyne and carpogonium have entirely disappeared so that
the cell lettered p in these two figures is the one directly under
the carpogonium. This cell gives rise to the cystocarp. By
several transverse divisions, which are usually somewhat ob-
lique, it forms a short branch consisting of four or five cells, two
stages of which will be seen in figs. 11 and 12. The branch
s greatly bent to one side in later stages and then oblique
walls are formed across the upper segments in a very irregu-
lar manner, and there results a compact mass of cells dividefi
“pinto a number of lobes. The entire young cystocarp 1is
really a Very complex set of filaments consisting of angu!ar
nd irregularly shaped cells, but this structure is not readily
shown in sections. The cells at first contain each a single
lucleus, but when the Ccystocarp is mature it is apparent that
the spores are borne on the ends of short branches .(ﬁg-.l4)
Wihotse cells are multinucleate although each spore is uninu-
Cleate,

A the Cystocarp arises from the cell of the procarpic branch
Lo elow the carpogonium, this is the place where we shguld
Pect to find cross fusion with auxiliary cells if sucl} exists.
e Writer has observed no specimens which would indicate
'at an auxiliary cell ever completely fused with any of the
0o directly concerned with the development of the cysto-
:;rp‘, NOthi"g was ever seen that could be compared \ynth
1 central cell” of Hauptfleisch. It is true that auxiliary
ells are clustereq around the cells of the young cystocarp,
nd it woulqg be very easy for them to unite by protoplasmic
P{Oces.ses’ but the writer saw no clear evidence of such cyto-
e fusion, much less of any nuclear disturbances. In
re::e ~8¢s the cells of young cystocarps have been gdunrt‘e;
thatoved fr.om auxiliary cells (fig. 14) and it was quite evi lese
to tno fusion had taken place; but when such.cells are close
Pfie .he.r = pr Otoplasm is frequently brought into such clo
of Mty as to make it very difficult to decide the question
&),'topl.asmic fusion. g
the tat is the cause of the very general cytoplasmic union ci
e Cls at the base of the cystocarp? The phenomenon D€

8108 after 3 gyt : d the procarp
€ trichogyne has disappeared an ;
- Presumably been fertilized. It is concerned with the



116 The Botanical Gazelle. [March,

thallus cell which bears the procarpic branch and the auxil l
lary cells. In all these cells the protoplasm becomes very
much denser and the nuclei increase greatly in size in marked
contrast to the ordinary vegetative cells of the thallus. The
nuclei do not fuse. It has been suggested by several investi
gators that cytoplasmic activity of this nature is for nutritive
purposes and the writer is inclined to believe this to be true
of Champia.

The auxiliary cells are then cells in the neighborhood of the
procarpic branch whose protoplasm has changed in characte
in a similar manner to the cell contents of the latter struc
ture. They are not specially developed organs of the fron |
but are at first ordinary vegetative cells at the base of thefl-
aments that later form the wall of the cystocarp. They vay |
in number and they vary in the degree in which their cel |
contents have been modified. |

~How is the procarp fertilized? Unfortunately the smalll
size of the trichogynes and antherozoids presents a VeIj |
serious obstacle to the study of this point. The conditio®
are further complicated by the poorly defined character of th |
nucleus in the diminutive carpogonium and because the tricl |
ogyne withers very early and completely disappears togeth
with the carpogonium. To explain the facts according

present accepted views of the nature of the sexual act it must
be supposed that the fertilizing substance, presumably nUC.le”

matter, passes through the trichogyne and carpogonium iff®

the cell below. Such complexity of conditions is quite U
usual for the sexual act and presents great difficulties 0

clear understanding of the subject and these difficulties "

made more emphatic by the insignificant appearance of the

trichogynes. The trichogynes resemble somewhat degene

ate cells, quite lacking the clear well defined cell structi®

which’we usually expect of sexual elements.
University of Chicago.

EXPLANATION OF PLATES VII AnD VIIL

sketched with Abbé camera and lettered as follows: a, a{lxiliaf)' ccll;;

bulb cell: ¢ carpogonium: £ int | ]
s %9 etk ; /> Internal filament; p, cell of procarP
below tarpogonium; #, thal{us cell beariillg ;1;0 2 % develOP":‘g‘“u

of Cystocarp; x, antherozoid Fi : diamete™
K ) : re 1 magnified about 5 GI1aE*"
figures 2-8 about 730 diameters; figures 9-?§ about 530 diameters; %

s l
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PraTE VII.

Fig. 1. Portion of frond showing distribution of antheridia.
Fig. 2. Section of frond with antheridial filaments arising from the
thallus cells; x, antherozoids.

K c;g. 3- An adult procarp attached to an internal filament; x, anthero-
z0id.

Fig. 4. A procarp showing granular matter, which may possibly be a
nucleus, at base of carpogonium.

Fig. 5. Procarp with withered trichogyne; two cells between carpo-
gonium and thallus cell.

Fig. 6. Procarp with withered trichogyne, one cell between carpo-
gonium and thallus cell.

Fig. 1. Trichogyne and carpogonium entirely gone, one cell of pro-
@rIp, g, above the thallus cell, 2

Fig. 8, Trichogyne and carpogonium entirely gone, two cells of pro-
carp above the thallus cell.

PrLaTE VIII.

Fig. g. Procarp with one cell above the thallus cell; auxiliary cell at
the right; wall of Cystocarp beginning to develop. -

Fig. 10. Procarp with two cells above the thallus cell; auxiliary cells
it the left; wall o Cystocarp developing.

Fig. 11. Young cystocarp.

glg- 12. Young Cystocarp, next stage to figure 11.

F!g- 13. Half matured cystocarp.

% 14. Group of ripe spores.
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